Introduction
Optical spectra of the 4f n and 5f n ions (where n is equal to the number of equivalent electrons) are characterized by relatively sharp lines due to transitions between energy levels within the fn confi guration. The n are inner shell electrons which f electrons are shielded from their s urroundi ngs by outer shell electrons (5s25P 6 for the 4f n ions, 2 6 n 6s 6p for the 5f ions) . Thus, even in compounds, the fn shell retains atomic-like properties. The comparison of the spectra of the free ion with that of the ion in the solid state provides information about the effects of its surroundings on the fn ion [1-3J.
For free ions, a perturbation treatment of the central field Hamiltonian has been widely used to calculate energy levels. This The approach used in the analysis of fn ions is to obtain the optical spectra, Zeeman splittings, and magnetic susceptibility data, and then adjust the parameters of the above Hamiltonian to obtain the best agreement between the experimental data and the calculated However it was noted in this paper that there were too many levels observed that could be assigned to zero-phonon electronic transitions of 2 a 5f system. Subsequently it was determined that the host lattice undergoes a phase transition at T = 95K to an incommensurate phase. on the basis of the first r5 level being at an energy of 110 cm [16J.
The introduction of an orbital reduction factor k reconciles these discrepancies.
The orbital reduction factor is defined by the following equation alternative assignment, a a of 53 cm of the optical data are given in Table 1 . One of the most thoroughly studied tetravalent U systems is that of 2-4+ .
ux eX = C~, Sr) in which the U lon is octahedrally coordinated to In the optical spectra of these complexes, the intense spectra are due to vibronic transitions, that is a transition from the ground electronic and vibrational state to an excited electronic state plus a higher vibrational state. The reason for the absence of zero-phonon electronic transitions is because the uranium ion is at a site of inversion symmetry and electric dipole transitions are formally forbidden. Zero-phonon magnetic dipole transitions are allowed but are weak.
Despite the extensive studies on these systems, the parametric analysis described previously results in rms deviations of greater than crystal field is assumed to be of D3h symmetry, and MCD measurements allow the assignments of some levels. Based on these assignments a preliminary analysis has been made. The fit is rather poor, 0 -300
em ,but this appears to be primarily due to the free ion parameters being ill-defined. The crystal field parameters do not appear to be very sensitive to the values of the free ion parameters. Representative with a a equal to 74 cm . The values of the parameters are given in Table 5 .
Menzel and Gruber [32] have also reported the absorption spectrum of a single crystal of CS2NpC~6. They analyzed the data below 13000
cm only in terms of a first order crystal field theory; that is each J is treated separately, and J mixing by the crystal field is neglected.
Surprisngly they reported a number of zero-phonon electronic transitions were observed which they attributed to distortions from octahedral symmetry which may have been caused by crystal defects or microscopic strains. This work is an interesting preliminary study. Table 5 .
The value of a is equal to 47 cm ."
preliminary analysis for this system are listed in Table 5 . For 37
levels, a a of 75 cm was obtained. crys.
The amount to which 8 is less than 1 is usually taken as an indication of the degree of covalency. We have defined a similar quantity, Fk
IFk and also ~ I~FI. The fourth order parameter crys. FI crys. F 4 , is much less reduced than the second order parameter on going from the free ion to the ion in a crystal, so the ratio F4/F2 is also a useful measure, especially for ions in which free ion data are not available. Data for the tetravalent actinide ions are listed in Table   6 . We have used the parameter of Auzel [36J as a measure of the relative crystal field strengths.
Values of this quantity are also listed in Table 6 .
From the values listed in Table 6 51938 (39) 42708 (100) 27748 (68) 1968 (2) 35.5(0. (84) 40458 (489) 41159 (407) 25881 (383) 26018 ( 237) 1783 ( 7) 1774 (5) 31 ( 1 42752 (162) 39925 (502) 24519 (479) 1808 ( 42561 (236) 39440 (634) 24174 (609) 1805 ( Reference to a company or product name does not imply approval or recommendation of the product by the University of California or the U.S. Department of Energy to the exclusion of others that may be suitable.
